ABSTRACT Endocardial catheter mapping was performed in 15 patients in sinus rhythm who had no evidence of structural heart disease and normal left ventricles. Mapping was performed with the use of 10 mm interelectrode distance from various left ventricular endocardial sites. In 10 patients a quantitative analysis of electrographic amplitude, duration, and amplitude/duration ratio was performed. The normal left ventricular bipolar electrograms had an amplitude of greater than 3 mV, a duration of less than 70 msec, and an amplitude/duration ratio of greater than 0.045. Local activation times were also assessed in the 15 patients. This analysis revealed two endocardial breakthrough sites, one on the midinferior septum and a second on the anterior wall near the insertion of the anterior papillary ittuscle. We therefore have defined normal quantitative characteristics of left ventricular bipolar electrograms and the normal left ventricular activation sequence in the intact normal human left ventricle. Circulation 70, No. 1, 37-42, 1984. NORMAL left ventricular endocardial activation and electrographic characteristics in man have not previously been described in vivo. It is imperative to establish normal guidelines if this technique is to be used to evaluate conduction defects, infarction, or arrhythmias. Our study was designed to characterize the electrograms and sequence of ventricular activation obtained during sinus rhythm by catheter endocardial mapping of the normal human left ventricle.
NORMAL left ventricular endocardial activation and electrographic characteristics in man have not previously been described in vivo. It is imperative to establish normal guidelines if this technique is to be used to evaluate conduction defects, infarction, or arrhythmias. Our study was designed to characterize the electrograms and sequence of ventricular activation obtained during sinus rhythm by catheter endocardial mapping of the normal human left ventricle.
Methods
Patient population. Fifteen patients referred to the Hospital of the University of Pennsylvania for electrophysiologic evaluation underwent sinus rhythm endocardial mapping during the course of their examinations. There were eight male and seven female subjects with a mean age of 30 years (range 17 to 64).
In no patient was there evidence of structural heart disease. All had normal M mode and two-dimensional echocardiograms.
Ten of the 15 patients had normal left ventricular radionuclidegated blood pool scans and in 10 (including five who did not undergo radionuclide-gated blood pool scanning) of the 15 patients results of left heart catheterization and coronary angiographic examination were normal. All patients had normal PR and QRS intervals and normal electrical axes. In two patients intermittent long QT intervals were documented (one drug-related and the other idiopathic). Electrocardiograms of both patients were normal at the time of endocardial mapping. There was no evidence of a preexcitation syndrome in any patient, as determined clinically and by laboratory testing. Electrophysiologic studies were performed to determine the presence or absence of a variety of arrhythmias. Three patients had sustained ventricular tachycardia in the absence of structural heart disease.
Electrophysiologic study. Studies were performed in patients in the nonsedated, postabsorptive state after informed written consent had been obtained. Antiarrhythmic drug therapy was discontinued at least five half-lives before endocardial mapping. Drug levels were not obtained at the time of study. One quadripolar catheter (No. 6F USCI) was inserted percutaneously into the femoral artery of each patient and advanced to the left ventricle under fluoroscopic guidance. One to two quadripolar catheters were inserted percutaneously and were advanced to the right ventricular apex and right ventricular outflow tract.
Catheters had a 5 mm interelectrode distance and the width of the electrode ring was 2 mm. Heparin, 5000 units as a bolus followed by 1000 units/hr, was administered after insertion of the arterial catheter in all patients.
The left ventricular mapping scheme used is shown in figure  1 . The 12 sites represent segmental areas of the heart of approximately 5 to Definitions. Electrographic amplitude (in mV) was defined as the maximum upward to maximum downward deflection measured by the 10 mm variable-gain bipolar electrogram. Electrographic duration (in msec) was defined as the time from the earliest electrical activity to the onset of the decay artifact produced by the amplified filtered signal measured in the 10 mm fixed-gain bipolar electrogram. The amplification and duration measurements were combined to give an amplitude/duration ratio to allow equal emphasis to be placed on each of these values. Local activation time at a site was defined as the time from the onset of the surface QRS to the time at which the largest rapid deflection crossed the baseline measured in the 10 mm variable-gain bipolar electrogram. Examples of the measurement technique in two typical recording sites are shown in figure 2 .
Normal electrographic amplitude was defined as that amplitude (or greater) that characterized 95% of the electrograms and normal electrographic duration was defined as that duration (or less) that characterized 95% of the electrograms.
Electrograms were defined as basal (sites 4, 6, 8, 10, and 12) or nonbasal (sites 1, 2, 3, 5, 7, 9, and 11).
Data analysis. Electrographic amplitudes, durations, and activation times and onset of surface QRS complexes were as-38 sessed at each site by at least two independent observers. Four to eight complexes were assessed at each site. When more than one electrogram was obtained at a given site, the mean of all the electrograms at that site was used for analysis. Results are expressed as mean + SD. The Student's t test for unpaired data was used when comparing electrographic characteristics in regions of the left ventricle.
Results
General description. One hundred fifty-six electrograms (both variable and fixed gain) were PATHOPHYSIOLOGY AND NATURAL HISTORY-ELECTROPHYSIOLOGY Basal electrograms tended to be of lower amplitude (6.5 vs 6.9 mV; p = NS), of greater duration (60 vs 50 msec; p < .001), and to have a lower amplitude/duration ratio (0.166 vs 0.144 mV/msec; p < .05). 15) of the time. Activation then appeared to spread radially from these breakthrough sites so that the apex was activated relatively late while the base at the inferior posterior wall was consistently the last area to be activated. The isochronic map of left ventricular endocardial activation along with mean values per site for the entire group are shown in figure 5.
Discussion
Description of electrograms. This is the first attempt during cardiac catheterization to examine endocardial bipolar electrograms of intact normal left ventricles and to characterize these electrograms; previously only unipolar epicardial electrograms have been described 40 main fiber orientation. A third possibility is related to the electrode contact, which due to technical considerations is different at the base than in the remainder of the left ventricle. The role of catheter and electrode position in causing the differences in electrograms recorded from the base may be resolved in a setting in which direct electrode recordings can be made. Thus, location in the left ventricle must also be considered when assessing electrographic characteristics.
We believe the formulation of an amplitude/duration ratio is useful. Ischemic injury can influence both amplitude and duration measurements, but the order and magnitude of change has not been reported. 13 Con the septum is mainly left to right but does proceed in both directions. The entire endocardium is activated rather rapidly via the Purkinje network. The more thinly walled right ventricle has an earlier epicardial breakthrough than the thicker left ventricular wall. The wave of depolarization soon encompasses the entire septal and apical myocardium, leaving the basal and posterior aspects of the heart to be the latest areas excited.
Except for a small number of studies of epicardial and intramural recordings in isolated postmortem hearts,90 [21] [22] [23] [24] [25] prior work in human hearts has been largely limited to the study of epicardial recordings. Our study is the first description of endocardial activation in the intact normal left ventricle.
We have described two separate sites of earliest endocardial activation -the middle inferior septum and the anterior wall in the area of the insertion of the anterior papillary muscle. Our data are similar to the findings of Durrer et al. 24 who, in addition, described a third breakthrough site at the inferior paraseptal region. This third breakthrough site would be adjacent to the earliest site that we noted on the middle septum. Our inability to distinguish a third breakthrough site may be explained by the limited number of sampling points available to us using endocardial catheter mapping.
Our data suggest that, after initial activation, electrical activity spreads radially and rapidly from these breakthrough points to converge at the apex and finally the inferoposterior base. The observation that the apex is activated "relatively late" (last 25% of left ventricular endocardial activation) has not been noted previously. An explanation for this is not apparent since prior work in canine preparations has shown that the Purkinje fiber network is extensive to the apex. 7 Although we have measured total endocardial activation time in the normal left ventricle, it is not possible with the present techniques to derive conduction velocities. The establishment of a normal left ventricular endocardial activation time will allow the evaluation of the mechanism of conduction abnormalities on the surface electrocardiogram.
Limitations 
